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Abstract 


At  the  request  of  the  Canadian  Forces  (CF)  I  Icalth  Services  Group,  Defence  Research  and 
Development  Canada  (DRDC)  -  Toronto  conducted  a  literature  review  on  the  occupational 
limitations  of  monocular  vision  including  recommendations  for  further  work  if  required.  The 
current  CF  vision  standard  for  new  recruits  covers  only  near  and  far  visual  acuity  and  colour 
vision.  The  general  entry  standard  for  far  visual  acuity  is  a  minimum  of  6/9  corrected  in  the  better 
eye  and  6/60  corrected  in  the  other  eye.  Based  on  that  standard,  anyone  with  monocular  vision 
would  be  excluded  automatically.  Recently,  this  policy  has  been  challenged  on  the  grounds  that 
not  all  military  occupational  categories  require  binocular  vision.  A  review  of  the  basic  and 
applied  literature  and  other  standards  indicated  that  monocular  vision  could  impact  performance 
on  critical  military  tasks  requiring  good  spatial  vision,  especially  under  low  illumination  and  low 
contrast  conditions.  However,  most  of  the  research  compared  the  performance  of  people  with 
good  visual  acuity  or  contrast  sensitivity  in  both  eyes  against  the  same  people  wearing  an  eye 
patch.  Research  using  people  with  monocular  vision  finds  smaller  differences,  and  in  the  case  of 
people  enucleated  early  in  life,  equivalent  performance.  Possibly  more  importantly,  none  of  the 
research  has  compared  people  meeting  the  minimum  visual  acuity  standards  for  entry  into  the  CF 
to  monocular  controls.  It  is  recommended  that  the  performance  of  people  in  these  two  populations 
should  be  compared  on  critical  occupational  tasks,  under  low  illumination  and  low  contrast 
conditions.  Some  of  the  difficulties  in  carrying  out  these  recommendations  are  identified. 


Resume 


A  la  demande  du  Groupe  des  services  de  sante  des  FC,  Recherche  et  developpement  pour  la 
defense  Canada  (RDDC)  -  Toronto  a  precede  a  une  analyse  documentaire  des  restrictions 
professionnelles  touchant  la  vision  monoculaire,  en  plus  de  formuler  des  recommandations  quant 
aux  etudes  plus  poussees  qui  pourraient  s’imposer.  La  norme  applicable  aux  recrues  des  Forces 
canadiennes  (FC)  ne  porte  que  sur  l’acuite  en  vision  de  pres  et  de  loin  et  que  sur  la  perception  des 
couleurs.  La  norme  generate  d’admissibilite  en  ce  qui  conceme  l’acuite  en  vision  de  loin  est  d’au 
moins  6/9  avec  correction  dans  l’ceil  le  plus  fort  et  6/60  avec  correction  dans  F autre  ceil.  Selon 
cette  norme,  une  personne  dont  la  vision  est  monoculaire  serait  exclue  automatiquement. 
Dernierement,  cette  politique  a  ete  contestee  du  fait  que  les  categories  professionnelles  militaires 
n’exigent  pas  toutes  une  vision  binoculaire.  Selon  un  examen  de  la  recherche  fondamentale  et 
appliquee  et  d’autres  normes  en  vigueur,  la  vision  monoculaire  pourrait  avoir  une  incidence  sur  la 
qualite  de  l’execution  de  taches  militaires  essentielles  qui  exigent  une  bonne  vision  spatiale, 
particulierement  lorsque  Feclairement  lumineux  est  faible  et  que  les  contrastes  sont  faibles. 
Cependant,  la  majorite  des  chercheurs  ont  compare  le  rendement  de  personnes  dotees  d’une 
bonne  acuite  visuelle  ou  d’une  bonne  sensibilite  differentielle  dans  les  deux  yeux,  a  celui  des 
memes  personnes  portant  un  cache-ceil.  Les  etudes  faisant  intervenir  des  sujets  dotes  d’une  vision 
monoculaire  ont  releve  de  plus  faibles  ecarts,  et  meme  un  rendement  equivalent  dans  le  cas  des 
sujets  enuclees  tot  dans  leur  vie.  Un  facteur  pourrait  etre  encore  plus  important :  aucune  des 
etudes  ne  compare  des  groupes  temoins  monoculaires  et  des  sujets  qui  atteignent  la  norme 
minimale  d’acuite  visuelle  etablie  pour  l’admissibilite  dans  les  FC.  On  recommande  de  comparer 
le  rendement  de  ces  deux  groupes  durant  F  execution  de  taches  militaires  essentielles,  lorsque 
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l’eclairement  lumineux  est  faible  et  que  les  contrastes  sont  faibles.  Certaines  des  difficultes 
inherentes  a  1’ application  de  ces  recommandations  sont  mentionnees. 
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Executive  summary 


Monocular  vision:  Occupational  limitations  and  current 
standards 

[Sharon  M.  McFadden;  Justin  G.  Hollands];  DRDC  Toronto  TR  2010-166; 

Defence  R&D  Canada  -  Toronto;  March  2011. 

Introduction  or  background:  The  vision  standard  in  the  Canadian  Forces  (CF)  medical  standard 
for  new  recruits  only  covers  near  and  far  visual  acuity  and  colour  vision.  The  general  entry 
standard  for  far  visual  acuity  is  a  minimum  of  6/9  corrected  in  the  better  eye  and  6/60  corrected  in 
the  other  eye.  Based  on  that  standard,  anyone  with  monocular  vision  (i.e.,  no  vision  in  one  eye) 
would  be  excluded  automatically.  Recently,  this  policy  has  been  challenged  on  the  grounds  that 
not  all  military  occupational  categories  require  binocular  vision  (i.e.,  at  least  some  vision  in  both 
eyes).  At  the  request  of  the  CF  Health  Services  Group,  Defence  Research  and  Development 
Canada  (DRDC)  -  Toronto  conducted  a  literature  review  on  the  occupational  limitations  of 
monocular  vision  including  recommendations  for  further  work  if  required.  The  review  was  to 
cover  the  available  basic  and  applied  literature  on  the  relative  visual  capabilities  of  monocular 
and  binocular  individuals,  the  current  standards  in  Canada  and  its  allies,  and  existing  analyses  of 
visual  capabilities  required  to  carry  out  critical  tasks  in  the  military. 

Results:  Our  results  indicated  that  monocular  vision  could  potentially  impact  performance  on 
tasks  requiring  good  spatial  vision,  depth  perception,  motion  perception  or  a  wide  field  of  view. 
However,  based  on  relevance  and  existing  entrance  standards,  monocular  vision  will  most  likely 
impact  performance  on  critical  military  tasks  requiring  good  spatial  vision,  especially  under  low 
illumination  and  low  contrast  conditions.  An  important  caveat  is  that  most  of  the  research 
compared  the  performance  of  people  with  good  visual  acuity  or  contrast  sensitivity  in  both  eyes 
against  the  same  people  wearing  an  eye  patch.  Research  using  people  with  monocular  vision  finds 
smaller  differences  and,  in  the  case  of  people  enucleated  early  in  life,  equivalent  performance  on 
spatial  vision  tasks. 

Significance:  Based  on  the  existing  literature,  it  is  not  possible  to  show  unequivocally  that  people 
with  monocular  vision  would  do  worse  on  the  standard  occupational  tasks  than  people  that  meet 
the  minimum  entrance  standard.  Further  research  is  required  to  determine  the  relative  capabilities 
of  people  who  meet  the  minimum  far  visual  acuity  standard  (stated  above)  and  people  with 
monocular  vision. 

Recommendations:  It  is  recommended  that  a  study  should  be  carried  out  to  measure 
performance,  on  simulated  versions  of  relevant  occupational  tasks,  of  representative  military 
personnel  with  one  eye  corrected  to  6/9  and  the  second  eye  corrected  to  either  6/9  or  poorer.  Each 
individual  would  be  tested  with  the  poorer  eye  corrected  to  6/9  through  6/60  or  viewing  a 
featureless  field  of  equivalent  luminance  (to  simulate  monocular  vision).  If  possible,  people  with 
monocular  vision  should  be  tested  as  well.  All  tasks  should  be  carried  out  under  both  normal  and 
low  illumination  and  contrast  conditions. 
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Vision  monoculaire  :  Restrictions  professionnelles  et  normes  en 
vigueur 

[Sharon  M.  McFadden;  Justin  G.  Hollands];  RDDC  Toronto  TR  2010-166;  R  &  D 

pour  la  defense  Canada  -  Toronto;  mars  201 1 . 

Introduction  ou  contexte  :  La  norme  de  vision  etablie  dans  les  exigences  medicales  applicables 
aux  recrues  des  Forces  canadiennes  (FC)  ne  porte  que  sur  Facuite  en  vision  de  pres  et  de  loin  et 
que  sur  la  perception  des  couleurs.  La  norme  generate  d’admissibilite  en  ce  qui  conceme  Facuite 
en  vision  de  loin  est  d’au  moins  6/9  avec  correction  dans  l’ceil  le  plus  fort  et  6/60  avec  correction 
dans  l’autre  ceil.  Selon  cette  norme,  une  personne  dont  la  vision  est  monoculaire  (c’est-a-dire  qui 
ne  voit  pas  d’un  ceil)  serait  exclue  automatiquement.  Demierement,  cette  politique  a  ete  contestee 
du  fait  que  les  categories  professionnelles  militaires  n’ exigent  pas  toutes  une  vision  binoculaire 
(c.-a-d.  au  moins  une  vision  partielle  dans  chaque  ceil).  A  la  demande  du  Groupe  des  services  de 
sante  des  FC,  Recherche  et  developpement  pour  la  defense  Canada  (RDDC)  -  Toronto  a  precede 
a  une  analyse  documentaire  des  restrictions  professionnelles  touchant  la  vision  monoculaire,  en 
plus  de  formuler  des  recommandations  quant  aux  etudes  plus  poussees  qui  pourraient  s’imposer. 
L’analyse  devait  porter  sur  les  publications  accessibles  en  recherche  fondamentale  et  en  recherche 
appliquee  concemant  les  capacites  visuelles  relatives  des  personnes  qui  sont  monoculaires  et 
binoculaires,  les  normes  en  vigueur  au  Canada  et  dans  les  pays  allies,  ainsi  que  les  analyses  a  ce 
jour  des  capacites  visuelles  requises  pour  accomplir  des  taches  militaires  essentielles. 

Resultats  :  Nos  resultats  indiquent  qu’une  vision  monoculaire  pourrait  influer  sur  la  qualite  de 
F  execution  de  taches  qui  exigent  une  bonne  vision  spatiale,  une  perception  de  la  profondeur,  une 
perception  du  mouvement  ou  un  grand  champ  de  vision.  Cependant,  selon  la  pertinence  des 
donnees  et  les  normes  d’enrolement  existantes,  la  vision  monoculaire  influencera  fort 
probablement  Faccomplissement  de  taches  militaires  essentielles  qui  exigent  une  bonne  vision 
spatiale,  particulierement  lorsque  Feclairement  lumineux  est  faible  et  que  les  contrastes  sont 
faibles.  II  faut  toutefois  faire  une  mise  en  garde  importante  :  la  plupart  des  chercheurs  ont 
compare  le  rendement  de  personnes  dotees  d’une  bonne  acuite  visuelle  ou  d’une  bonne  sensibilite 
differentielle  dans  les  deux  yeux,  a  celui  des  memes  personnes  portant  un  cache-ceil.  Les  etudes 
faisant  intervenir  des  sujets  monoculaires  ont  releve  de  plus  faibles  ecarts,  et  dans  le  cas  des  sujets 
enuclees  tot  dans  leur  vie,  elles  ont  releve  un  rendement  equivalent  pour  F  execution  de  taches 
exigeant  une  vision  spatiale. 

Importance  :  Selon  la  documentation  publiee,  il  est  impossible  de  prouver  sans  equivoque  que 
les  personnes  dont  la  vision  est  monoculaire  reussiraient  moins  bien  les  taches  professionnelles 
standard  que  celles  qui  repondent  a  la  norme  minimale  etablie  pour  Fadmissibilite  dans  les  FC.  II 
faudra  realiser  d’autres  etudes  afm  de  determiner  les  capacites  relatives  des  personnes  qui 
atteignent  la  norme  minimale  d’acuite  en  vision  de  loin  (indiquee  ci-dessus)  et  celles  des 
personnes  ayant  une  vision  monoculaire. 

Recommandations  :  II  est  recommande  de  mener  une  etude  afm  d’evaluer,  a  l’aide  de 
simulations  de  taches  pertinentes,  le  rendement  de  militaires  representatifs  dont  la  vision  dans  un 
ceil  serait  corrigee  a  6/9  et  la  vision  dans  F autre  ceil,  a  6/9  ou  a  un  degre  plus  faible.  On  ferait 
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subir  a  chaque  participant  un  examen  de  la  vue  avec  une  correction  allant  de  6/9  a  6/60  dans  l’ceil 
le  plus  faible  ou  avec  un  champ  sans  relief  de  luminance  equivalente  (pour  simuler  la  vision 
monoculaire).  Si  possible,  on  devrait  aussi  faire  participer  des  sujets  monoculaires  a  de  tels 
examens.  Toutes  les  taches  devraient  etre  executees  dans  un  eclairement  lumineux  normal  et 
faible  et  en  presence  de  contrastes  normaux  et  faibles. 
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Introduction 


Currently,  the  vision  standards  in  Canadian  Forces  Publication  (CFP)  154  (Canadian  Forces 
Flealth  Services  2009)  only  cover  near  and  far  visual  acuity  and  colour  vision.  The  general  entry 
standard  for  far  visual  acuity  is  a  minimum  of  6/9 1  corrected  in  the  better  eye  and  6/60  corrected 
in  the  other  eye.  Based  on  that  standard,  anyone  with  monocular  vision  (i.e.,  no  vision  in  one  eye) 
would  automatically  be  excluded.  Recently,  this  policy  has  been  challenged  on  the  grounds  that, 
for  some  Military  Occupational  Structure  Identifications  (MOSIDs),  all  of  the  specified  duties 
could  be  carried  out  by  an  individual  with  monocular  vision. 

The  current  method  for  assessing  the  acceptability  of  a  vision  standard  is  to  demonstrate  that  an 
applicant  requires  a  certain  level  of  visual  capability  to  meet  the  bona  fide  occupational 
requirements  (BFOR)  of  the  job.  A  BFOR  is  a  standard  or  rule  that  is  integral  to  carrying  out  the 
functions  of  a  specific  position  (Canadian  Fluman  Rights  Commission  2004).  The  process 
(Casson  1995)  for  establishing  the  BFOR  for  a  job  includes: 

1 .  Identification  of  the  essential  tasks  which  make  up  the  requirements  of  the  job; 

2.  Identification  of  the  skills  and  capabilities  required  to  perform  the  essential  tasks  of  the  job; 

3.  Methods  which  evaluate  the  ability  of  the  individual  to  carry  out  the  essential  tasks  of  the  job 
by  any  reasonable  method;  and 

4.  Standards  which  do  not  exceed  the  minimum  requirements  of  the  job. 

Although  a  BFOR  process  has  been  carried  out  to  assess  the  visual  acuity  requirement  for  several 
MOSIDs  in  the  Canadian  Forces  (CF)  (Casson  et  al.  1998a;  b;  c;  d;  Kumagai  et  al.  2006; 
Williams  et  al.  2003),  the  process  has  not  been  used  to  assess  the  requirements  for  the  current 
entrance  standard  for  visual  acuity.  Flowever,  employability  and  deployability  requirements 
applicable  to  all  CF  recruits  do  exist.  Several  requirements,  for  example,  performing  a  high  or 
low  crawl  and  evacuating  a  casualty  across  country  in  hostile  terrain,  in  unpredictable  working 
conditions,  and  under  extreme  climatic  conditions,  would  seem  to  require  the  ability  to  visually 
perceive  the  environment. 

As  a  first  step  in  determining  if  the  current  vision  standard  is  justifiable,  the  Canadian  Forces 
Flealth  Services  Group  (CF  FI  Svcs  Gp)  tasked  Defence  Research  and  Development  Canada  - 
Toronto  (DRDC  Toronto)  to  conduct  a  literature  review  on  the  occupational  limitations  of 
monocular  vision,  including  recommendations  for  further  work  if  required.  The  review  was  to 
cover  the  available  basic  and  applied  literature  on  the  relative  visual  capabilities  of  monocular 
and  binocular  individuals,  the  current  standards  in  Canada  and  its  allies,  and  existing  analyses  of 
visual  capabilities  required  to  carry  out  critical  tasks  in  the  military.  For  the  purposes  of  this 
review,  monocular  vision  is  defined  as  having  no  vision  in  one  eye  and  binocular  vision  is  defined 
as  having  some  vision  in  both  eyes.  In  most  of  the  studies  reviewed,  binocular  individuals  had 
corrected  visual  acuity  of  at  least  6/9  in  both  eyes. 


1  This  number  is  a  measure  of  visual  acuity  using  an  eye  chart  such  as  the  Snellen  chart.  The  numerator 
refers  to  the  distance  in  metres  between  an  individual  reading  an  eye  chart  and  the  actual  chart.  The 
denominator  is  the  distance  in  metres  at  which  the  components  of  the  letters  on  the  6/9  line  of  an  eye  chart 
subtend  a  visual  angle  of  1  minute  of  arc. 
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The  visual  performance  of  monocular  individuals  has  been  widely  studied,  either  to  compare 
monocular  and  binocular  visual  capability  or  to  determine  what  happens  to  vision  in  the 
remaining  eye  in  order  to  compensate  for  the  loss  of  binocularity.  However,  most,  if  not  all,  of  the 
research  examines  the  effect  of  monocular  vision  on  a  specific  visual  capability  as  opposed  to  its 
effect  on  overall  visual  performance.  The  loss  of  one  eye  has  been  shown  to  affect  depth 
perception,  field  of  view  (FOV),  spatial  vision,  and  motion  perception.  In  turn,  these  visual 
capabilities  can  affect  performance  on  a  range  of  militarily  critical  tasks  (Casson  et  al.  1998a;  b; 
c;  d;  Kumagai  et  al.  2005).  For  this  reason,  it  was  decided  to  examine  the  direct  impact  of 
monocular  vision  on  those  capabilities.  For  each  capability,  current  standards  and  existing 
research  were  reviewed  and  the  relevance  of  this  information  to  performance  on  militarily  critical 
tasks  examined.  Based  on  the  results  of  this  review  and  analysis,  gaps  in  our  existing  knowledge 
base  are  identified  and  recommendations  are  provided. 
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Visual  capabilities  and  monocular  vision 


Depth  perception 

Description 

Depth  perception  involves  the  ability  to  estimate  the  distance  of  an  object  from  the  observer  or  to 
estimate  the  relative  distance  of  two  or  more  objects  in  the  environment.  Depth  information  can 
be  acquired  using  both  monocular  and  binocular  cues.  The  primary  binocular  cue  for  depth 
perception  is  stereopsis  or  stereoacuity.  Stereopsis  is  based  on  a  comparison  of  how  the  image 
information  in  the  two  eyes  differs  due  to  retinal  disparity  or  the  lateral  separation  of  the  two 
eyes.  Stereoacuity  is  the  difference  in  depth  of  two  objects  at  which  an  individual,  viewing  with 
two  eyes,  can  correctly  identify  that  the  objects  are  not  in  the  same  plane.  As  with  all  acuity 
measures,  the  critical  difference  varies  with  absolute  distance.  Thus,  the  minimum  distance  is 
usually  expressed  in  visual  angle  or  minutes  of  arc.  Under  optimal  conditions,  skilled  observers 
are  able  to  produce  thresholds  of  3  -  5  seconds  of  arc  (Casson  1995).  Monocular  depth  cues 
include  static  cues  such  as  object  overlap,  shading  and  shadow,  relative  size,  texture  gradient, 
linear  perspective  and  aerial  or  atmospheric  perspective.  Monocular  cues  can  be  dynamic  such  as 
accommodation  and  convergence,  motion  parallax  (faster  relative  motion  for  near  objects)  and 
deletion  and  accretion  (the  rate  at  which,  in  passing,  a  close  object  covers  or  reveals  a  more 
distant  surface)  (Gonzalez  et  al.  1989). 


Current  standards 

Among  Air  and  Space  Interoperability  Council  (ASIC)  nations,  all  but  Australia  test  for 
stereoacuity  (Air  Standardization  Coordinating  Committee  2003).  Canada  tests  for  stereoacuity  in 
pilots  using  the  Titmus  Stereo  test,  but  does  not  specify  a  cut-off  point.  Among  other  ASIC 
nations  (United  States  (US)  and  United  Kingdom  (UK)),  the  acceptable  level  ranges  from  25  to 
120  seconds  of  arc.  In  the  US,  the  stereoacuity  standard  only  applies  to  pilots.  A  similar  situation 
exists  in  industry.  A  recent  review  by  Beard  et  al.  (2002)  found  that  those  industrial  occupations 
that  require  “normal  binocular  vision”  often  fail  to  specify  a  test  procedure  or  a  criterion.  Where  a 
criterion  is  specified,  it  is  often  stated  in  terms  of  the  eyes'  muscular  balance  and  the  eyes'  ability 
to  work  together.  One  possible  reason  for  lack  of  testing  is  that  a  large  percentage  of  the  human 
population  is  unable  to  make  use  of  the  normal  range  of  disparity  cues  (Richards  1971). 

Research 

Since  stereopsis  cannot  occur  with  monocular  vision,  most  of  the  relevant  research  on  the  impact 
of  monocular  vision  on  depth  perception  concerns  stereopsis.  As  stated  above,  stereopsis  occurs 
because  a  slightly  different  image  falls  on  the  two  retinae.  Since  the  difference  between  the  two 
images  is  greater  the  nearer  the  object,  stereopsis  is  most  useful  for  discriminating  differences  in 
depth  for  objects  that  are  relatively  close  (Hovis  2000).  Even  at  these  distances,  relative  depth 
judgements  can  be  made  using  monocular  cues  such  as  motion  parallax  as  well  as  stereopsis. 
Gonzalez  et  al.  (1989)  found  that  monocular  depth  perception  improved  to  within  a  factor  of  22  of 
binocular  depth  perception  for  adult  participants  when  they  were  instructed  to  move  their  heads 
laterally  while  trying  to  align  two  plates  in  depth.  Without  head  movements,  the  judgements  were 
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poorer  by  a  factor  of  8.  As  well,  a  study  by  Marotta  et  al.  (1995)  found  some  evidence  that  the 
type  of  compensatory  head  movement  changes  as  a  function  of  time  since  the  eye  was  removed 
(enucleation).  They  compared  the  compensatory  head  movements  made  by  adults  enucleated 
between  2  weeks  and  35  years  prior  to  the  study.  Although  the  frequency  of  head  movements  did 
not  vary  as  a  function  of  post  enucleation  time,  they  did  find  an  increase  in  the  ratio  of  lateral  (x- 
axis)  and  vertical  (y-axis)  to  forward  (z-axis)  head  movements.  They  concluded  that  the  extent  of 
the  head  movements  was  less  than  expected  and  suggested  that  training  might  be  helpful. 

Most  studies  examining  the  role  of  stereopsis  in  depth  perception  focus  on  depth  discrimination 
and/or  only  use  relatively  short  distances  of  1  to  2  metres.  It  is  assumed  that  depth  estimation 
beyond  about  6  metres  is  based  on  monocular  cues  alone.  However,  recent  research  by  Allison  et 
al.  (2009)  showed  that  stereopsis  contributed  to  estimates  of  relative  depth  at  distances  up  to  9 
metres  even  in  an  enriched  environment.  They  had  observers  estimate  the  difference  in  depth  of 
two  sets  of  lights  at  distances  of  4.5  and  9  metres,  respectively,  in  either  a  dark  room  or  an 
illuminated  room  populated  by  regularly  spaced  desks  and  chairs.  With  monocular  vision,  gain  in 
perceived  depth  with  increase  in  true  depth  was  minimal  and  did  not  improve  in  the  illuminated 
environment.  In  the  binocular  condition,  the  proportion  increase  in  perceived  depth  with  increase 
in  real  depth  was  greater  in  the  illuminated  condition  and  in  both  situations,  it  was  significantly 
greater  than  in  the  monocular  condition.  In  addition  to  presenting  their  own  results,  they  cited 
several  other  studies  that  showed  binocular  enhancement  in  judgements  of  depth  intervals  at 
distances  up  to  30  to  50  metres. 

Relevance 

Outside  the  laboratory,  it  has  proven  difficult  to  determine  the  importance  of  stereoacuity  in  depth 
perception.  For  example,  a  recent  review  by  Beard  et  al.  (2002)  found  little  systematic  evidence 
for  the  occupational  importance  of  stereoacuity  in  depth  perception.  Casson  (1995)  suggested  that 
stereoacuity  may  only  be  relevant  for  specialized  jobs  that  require  the  use  of  stereograms.  One 
possible  reason  for  this  might  be  the  fact  that  many  people  with  otherwise  normal  binocular 
vision  have  deficiencies  in  the  processing  of  disparity  cues  (Richards  1971). 

Military  pilots,  interviewed  by  Kumagai  et  al.  (2005),  noted  the  importance  of  depth  perception 
when  landing  an  aircraft  adjacent  to  obstacles  and  determining  the  distance  to  those  obstacles.  For 
example,  helicopter  pilots  must  perceive  the  clearance  afforded  from  the  helicopter  rotor  blades  to 
surrounding  buildings  or  trees.  Based  on  the  work  of  Allison  et  al.  (2009),  stereopsis  should  be 
useful  for  the  clearance  task  since  the  distance  to  the  tip  of  the  blades  would  be  less  than  50 
metres.  However,  for  many  aviation  tasks,  such  as  landing  an  aircraft  or  estimating  the  distance 
between  two  aircraft,  the  distances  would  be  much  greater  and  judgements  would  be  made  using 
monocular  cues.  For  the  infantry,  Casson  et  al.  (1998a)  reported  that  depth  perception  was 
important  in  judging  distance  for  accurate  firing  of  weapons,  surveillance,  and  reporting 
locations,  but  that  the  ranges  for  judging  distance  were  typically  50  to  400  metres.  At  those 
distances,  judgements  would  be  made  using  monocular  rather  than  binocular  cues.  However,  with 
the  growth  in  urban  operations,  ranges  can  be  considerably  shorter  and  stereopsis  might 
provide  some  advantage.  Casson  et  al.  (1998c)  did  find  a  benefit  to  stereopsis  for  avionics 
technicians  when  engaged  in  a  soldering  task  using  a  stereo  microscope.  Participants  were  judged 
on  their  ability  to  carry  out  the  task  of  soldering  circuit  boards  monocularly  and  binocularly. 
Quality  scores  went  from  87%  when  the  task  was  carried  out  binocularly  to  70%  when  it  was 
carried  out  monocularly.  Although  monocular  performance  might  have  improved  with  extended 
practice,  these  results  suggest  that  individuals  lacking  stereopsis  would  find  this  type  of  task 
difficult  to  learn. 
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Spatial  vision 


Description 

Spatial  vision  refers  to  the  ability  to  resolve  or  discriminate  spatially  defined  objects.  The  two 
basic  measures  of  spatial  vision  are  acuity  and  contrast  sensitivity.  Acuity  is  a  measure  of  the 
ability  to  resolve  fine  detail,  usually  in  a  centrally-fixated,  high-contrast,  stationary  object.  Both 
near  and  far  acuity  are  measured.  Far  acuity  is  measured  using  high  contrast  letters  positioned  at  a 
distance  of  six  metres  (20  feet)  while  near  acuity  is  measured  at  about  40  centimetres  (16  inches) 
using  printed  text.  Acuity  is  usually  measured  monocularly. 

Contrast  sensitivity  is  a  measure  of  the  ability  to  discriminate  an  object  from  its  background  as  a 
function  of  the  luminance  difference  between  them.  It  is  computed  across  a  range  of  spatial 
frequencies  and  is  typically  measured  using  either  low  contrast  letters  or  sinusoidal  luminance 
gratings  that  are  varied  in  both  spatial  frequency  and  contrast  (Kumagai  et  al.  2005).  Again, 
contrast  sensitivity  is  usually  measured  monocularly. 


Current  Standards 

The  general  entry  standard  in  the  CF  for  far  visual  acuity  is  6/9  corrected  in  the  better  eye  and  at 
least  6/60  corrected  in  the  other  eye.  However  for  some  occupations,  entrance  criteria  are  more 
stringent  (Canadian  Forces  Health  Services  2009).  Currently  contrast  sensitivity  is  not  assessed. 
As  stated  earlier,  based  on  any  of  these  acuity  standards,  candidates  with  monocular  vision  would 
not  qualify. 

Research 

Using  the  small  letter  contrast  sensitivity  charts,  Rabin  (1995)  found  a  40%  improvement  on 
average  for  binocular  contrast  sensitivity  as  compared  to  monocular  and  about  a  10%  increase  for 
binocular  acuity.  Using  more  practical  tasks  involving  spatial  vision,  Johnson  (2008),  Jones  and 
Lee  (1981),  and  Home  (1977)  all  found  a  binocular  advantage.  Johnson  measured  the  ability  of 
drawbridge  operators  to  detect  pedestrians  standing  on  the  bridge  on  a  foggy  day  as  a  function  of 
visual  acuity  (simulated  with  lenses)  with  one  eye  or  two.  There  was  a  15  to  20%  improvement  in 
detection  distance  with  two  eyes  at  all  but  the  poorest  acuity  level.  Jones  and  Lee  measured 
monocular  and  binocular  performance  on  a  letter  identification  task,  a  detection  task,  and  a  colour 
discrimination  task.  On  all  three  tasks,  performance  was  superior  in  the  binocular  condition, 
particularly  under  dim  lighting  conditions.  Home  compared  monocular  and  binocular 
performance  on  three  tasks  -  contrast  detection,  acuity  (Landolt  C)  and  recognition  -  at 
background  luminances  between  .1  and  4.7  X  10'5  Candelas/metre2  (Cd/m2).  For  all  three  tasks, 
the  binocular  thresholds  were  lower. 

All  of  the  above  studies  compared  the  performance  of  binocular  individuals  viewing  binocularly 
and  monocularly.  In  the  monocular  condition,  participants  usually  wore  an  eye  patch.  Based  on 
recent  research  with  individuals  enucleated  at  a  young  age,  the  applicability  of  the  above  finding 
to  individuals  with  actual  monocular  vision  is  questionable  (Steeves  et  al.  2008).  Unilaterally 
enucleated  observers  have  been  shown  to  have  better  letter  recognition,  vernier  acuity,  and  global 
pattern  recognition  than  binocular  observers  viewing  monocularly  at  high  and  low  contrast  levels. 
Moreover,  their  performance  on  these  tasks  is  equivalent  to  that  found  with  binocular  viewing 
(Steeves  et  al.  2008).  In  fact,  Nicholas  et  al.  (1996)  found  that  the  contrast  sensitivity  of 
unilaterally  enucleated  adults  was  equivalent  to  binocular  contrast  sensitivity  for  spatial 
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frequencies  between  .58  and  32  cycles  per  degree,  at  least  for  individuals  undergoing  enucleation 
by  the  age  of  13  years.  In  addition,  they  found  an  enhancement  in  contrast  sensitivity  at  4  cycles 
per  degree  for  those  enucleated  prior  to  the  age  of  2  years.  At  least  three  kinds  of  processes  may 
lie  behind  the  superior  performance  of  enucleated  observers  in  certain  visual  tasks:  (a)  monocular 
practice  since  time  of  enucleation,  (b)  recruitment  of  the  resources  (possibly  cortical)  normally 
assigned  to  the  missing  eye,  and  (c)  the  absence  of  binocular  inhibitory  interactions  as  a  result  of 
the  removal  of  one  eye  (Steinbach  and  Gonzalez  2006).  We  did  not  find  any  study  that  used  a 
participant  who  lost  vision  in  one  eye  later  in  life.  Thus,  it  is  unclear  whether  or  not  such  an 
individual  would  also  show  unimpaired  or  superior  performance  on  spatial  vision  tasks. 

Just  as  the  lack  of  binocular  rivalry  may  be  partially  responsible  for  the  superior  performance  of 
enucleates  on  spatial  tasks,  its  presence  may  prove  a  disadvantage  for  binocular  individuals 
wearing  an  eye  patch.  Steeves  et  al.  (2004)  compared  global  shape  discrimination  of  enucleated 
individuals  with  binocular  participants  viewing  binocularly,  wearing  an  eye  patch  (monocular),  or 
with  one  eye  viewing  a  luminance-matched  grey  field  (dichoptic  viewing).  Performance  was 
measured  on  both  high  and  low  contrast  shapes.  Performance  of  the  enucleated  individuals  was 
similar  to  that  of  the  binocular  viewing  controls.  Performance  in  the  dichoptic  condition  was 
midway  between  the  binocular  and  the  eye  patch  conditions.  The  implication  of  this  is  that 
experimental  comparisons  of  binocular  vision  to  monocular  viewing  using  an  eye  patch  may 
show  a  monocular  disadvantage  that  enucleates  would  not  show,  at  least  for  spatial  vision  tasks, 
and  that  dichoptic  viewing  offers  a  better  control. 

Relevance 

The  importance  of  acuity  and  contrast  sensitivity  for  performance  on  visual  tasks  having  military 
or  industrial  relevance  has  been  widely  documented  and  the  effect  of  degraded  acuity  has  been 
demonstrated  for  many  of  those  tasks  (Casson  et  al.  1998a;  b;  c;  d;  Johnson  2008;  Kumagai  et  al. 
2006).  However,  in  most  cases,  the  studies  have  focused  on  a  decrement  in  binocular 
acuity,  i.e.,  visual  acuity  was  adjusted  to  be  the  same  in  both  eyes  despite  the  fact  that  most 
standards  require  good  acuity  in  only  one  eye.  Moreover,  in  those  studies,  the  changes  in  acuity 
that  produce  a  performance  decrement  were  larger  than  the  10  -  15%  difference  that  is  found 
between  monocular  and  binocular  acuity.  To  the  best  of  our  knowledge,  there  have  not  been  any 
studies  conducted,  either  basic  or  applied,  that  have  examined  the  performance  of  people  with 
poor  acuity  in  one  eye  and  relatively  good  acuity  in  the  other  eye. 

Most  assessments  (Evans  and  Ginsburg  1985;  Ginsburg  et  al.  1982;  Kumagai  et  al.  2006)  of  the 
impact  of  contrast  sensitivity  have  not  systematically  manipulated  the  participants’  contrast 
sensitivity  (other  than  as  a  by-product  of  manipulating  visual  acuity).  They  primarily  show  a 
correlation  between  task  performance  and  performance  on  a  contrast  sensitivity  test  as  opposed  to 
defining  the  level  of  contrast  sensitivity  associated  with  a  significant  decrement  in  task 
performance.  To  do  so  would  require  knowledge  of  the  spatial  frequencies  being  used  in  the  task 
and  the  ability  to  systematically  degrade  those  frequencies. 

Based  on  the  literature  cited  above,  it  is  not  clear  that  one  can  artificially  replicate  the  capabilities 
of  monocular  individuals.  Thus,  the  legitimacy  of  any  assessment  of  the  impact  of  monocular 
vision  on  tasks  requiring  good  visual  acuity  or  contrast  sensitivity  is  questionable.  In  the  study  by 
Nicholas  et  al.  (1996),  participants  enucleated  in  their  early  teens  had  poorer  contrast  sensitivity 
than  those  enucleated  in  the  first  two  years  of  life,  but  it  was  not  significantly  different  from  the 
contrast  sensitivity  of  binocular  individuals.  Unfortunately,  none  of  the  studies  reviewed  to  date 
used  individuals  enucleated  as  adults.  In  addition,  the  results  of  Steeves  et  al.  (2004)  indicate  that 
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some  of  the  performance  decrement  with  binocular  individuals  viewing  monocularly  may  be  due 
to  the  use  of  an  eye  patch. 


Motion  Perception 

Description 

Motion  perception  involves  the  assessment  of  the  direction  and  rate  of  movement  of  objects  in 
space  relative  to  the  observer.  As  with  static  depth  perception,  both  monocular  and  binocular  cues 
can  be  used.  One  example  is  motion  in  depth  (objects  moving  towards  or  away  from  the 
observer).  As  an  object  moves  towards  the  observer,  the  two  retinal  images  move  in  opposite 
directions  and  its  perceived  size  increases.  The  change  in  relative  direction  is  a  binocular  cue  and 
the  change  in  size  is  a  monocular  cue. 


Current  standards 

There  is  no  standard  or  clinically  accepted  test  for  measuring  motion  perception.  One  relatively 
simple  method  is  to  measure  visual  acuity  for  motion-defined  letters  (Regan  and  Hong  1990). 
Another  method,  used  in  both  the  laboratory  and  in  the  field,  is  time  to  collision  (TTC). 
Participants  are  asked  to  judge  the  time  at  which  an  object  will  reach  a  specific  location  or  collide 
with  another  object  or  the  observer  (Kumagai  et  al.  2005).  Research  by  Regan  and  colleagues 
(Hong  and  Regan  1989;  Regan  et  al.  1979;  Regan  et  al.  1986)  has  shown  that  some  individuals 
with  normal  frontal  plane  motion  perception  and  normal  static  stereo  acuity  may  be  blind  to 
motion  in  depth  in  some  parts  of  their  visual  field. 

Research 

Gray  and  Regan  (1998)  examined  the  relative  importance  of  monocular  and  binocular  cues  in 
estimating  TTC.  They  found  that  when  both  binocular  (change  in  retinal  disparity)  and  monocular 
(change  in  size)  cues  were  available  and  large  targets  (.7°  of  visual  angle  at  the  initial  distance) 
were  used,  errors  ranged  from  1.3  to  2.7%.  This  compared  to  5.8  to  12%  when  only  monocular 
information  was  available.  With  the  smaller  target,  TTC  could  not  be  reliably  estimated  with  only 
monocular  information.  As  with  stereoacuity,  these  results  would  apply  to  relatively  small 
distances  from  the  observer. 

Unlike  spatial  vision,  the  performance  of  people  enucleated  early  in  life  on  tasks  such  as 
discrimination  of  relative  motion,  motion  coherence,  direction  discrimination,  motion-defined 
letter  detection  and  discrimination,  and  motion  in  depth  (TTC)  is  either  equivalent  or  poorer  than 
that  of  binocular  individuals  viewing  monocularly  (Steeves  et  al.  2008).  For  example,  Steeves  et 
al.  (2000)  found  that  enucleated  observers  had  equivalent  or  poorer  TTC  estimates  than  binocular 
controls  using  only  monocular  information.  Errors  in  estimating  TTC  were  about  10%  for 
enucleated  observers  compared  to  less  than  3%  for  binocular  observers  found  in  the  study  by 
Gray  and  Regan  (1998).  They  noted  that  these  results  were  at  odds  with  the  ability  of  monocular 
individuals  to  carry  out  tasks  successfully  in  the  real  world  that  required  accurate  estimation  of 
TTC.  They  suggested  that  monocular  individuals  have  learned  to  use  other  optical  variables  such 
as  perceived  distance  and  perceived  size.  In  a  familiar  environment,  these  types  of  cues  could  be 
used  reliably.  However,  they  could  produce  degraded  performance  in  an  unfamiliar  environment. 
This  effect  has  been  observed  with  binocular  pilots  who  must  operate  in  unfamiliar  terrain  (e.g., 
populated  by  small  bushes  rather  than  large  trees)  and  discover  they  are  flying  closer  to  the 
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ground  than  they  thought.  For  binocular  individuals,  this  type  of  error  is  restricted  to  large 
distances  as  encountered  in  flight.  With  monocular  individuals,  it  could  occur  at  relatively  short 
distances  as  encountered  in  an  urban  environment.  A  study  by  Cavallo  and  Laurent  (1988) 
provides  some  supporting  evidence.  They  looked  at  estimates  of  TTC  under  actual  driving 
conditions  as  a  function  of  experience,  speed,  restricted  FOV,  and  monocular  versus  binocular 
vision.  They  found  that  the  binocular  performance  of  both  inexperienced  and  experienced  drivers 
was  superior  to  their  monocular  performance  with  targets  between  25  and  75  metres  in  distance 
from  the  vehicle. 

Relevance 

Motion  perception  is  important  in  a  wide  range  of  tasks  (Kumagai  et  al.  2005),  but  Casson  et  al. 
(1998a;  b;  c;  d)  did  not  find  it  to  be  critical  in  any  of  the  tasks  for  the  occupations  they  reviewed. 
Moreover,  as  stated  above,  it  is  not  clear  that  the  limitations  imposed  by  monocular  vision  hamper 
the  performance  of  every-day  tasks.  In  addition,  many  binocular  individuals  lack  stereo  motion 
perception  in  certain  parts  of  the  visual  field  (Hong  and  Regan  1989;  Steeves  et  al.  2000). 

Visual  field  of  view  (FOV) 

Description 

FOV  is  a  measure  of  the  spatial  extent  of  vision  without  head  movements  or  the  degree  of 
peripheral  vision.  Individuals  with  normal  binocular  vision  typically  have  a  horizontal  FOV  of 
greater  than  200°  as  compared  to  less  than  160°  for  individuals  with  monocular  vision3.  However, 
both  of  these  depend  on  the  fixation  position  of  the  eyes  (Good  et  al.  2005).  The  decrement  with 
monocular  vision  occurs  because  the  nose  blocks  almost  all  of  the  nasal  visual  field.  If  the  point 
of  fixation  is  nasalward  (as  would  happen  with  eye  movements  to  compensate  for  monocularity), 
the  horizontal  extent  of  the  visual  field  can  be  less  than  120°  in  each  eye. 

Current  standards 

CFP  154  does  not  specify  a  minimum  FOV.  However,  an  ASIC  report  on  vision  standards  for 
aircrew  (Air  Standardization  Coordinating  Committee  2003)  states  that  a  loss  of  peripheral  vision 
(due  to  eye  disease  or  scotoma)  would  be  grounds  for  rejection  of  a  pilot  in  the  CF.  In  the  US 
Amy,  any  restriction  in  visual  field  due  to  disease  of  the  eye  or  central  nervous  system, 
or  trauma  is  disqualifying  (Medical  Services  2008).  The  US  Air  Force  (Air  Force 
Medical  Operation  Agency  2006)  and  the  US  Navy  (Bureau  of  Medicine  and  Surgery  2005)  have 
similar  requirements. 

Research 

The  relationship  between  restricted  visual  fields  and  driving  performance  has  been  examined 
extensively.  Johnson  and  Keltner  (1983),  in  a  large  scale  study,  found  that  people  with  binocular 
visual  field  defects  had  accident  and  violation  rates  more  than  double  those  of  age-  and  sex- 
matched  control  participants.  However,  there  was  no  difference  between  monocular  drivers  and 
the  control  group.  The  findings  for  evaluations  of  driving  performance  are  similar.  For  example, 


3  Most  perimetry  tests  only  assess  peripheral  vision  up  to  75°.  This  would  result  in  an  estimate  of  150° 
binocular  FOV  and  a  105°  monocular  FOV. 
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Wood  and  Troutbeck  (1992)  found  that  the  loss  of  visual  field  associated  with  monocular  vision 
had  only  a  minor  impact  on  driving  performance,  at  least  for  young  drivers  under  good 
illumination.  Decrements  in  driving  performance  typically  only  occurred  when  the  visual  field 
was  reduced  binocularly  to  less  than  40°. 

Casson  et  al.  (1995;  1998a;  b;  c;  d)  investigated  the  role  of  peripheral  vision  in  performing  a 
range  of  simulated  tasks  in  four  MOSID  categories.  Detection  performance  was  assessed  with 
FOVs  of  full,  120,  60,  and  30°.  None  of  the  studies  looked  at  monocular  vision.  In  most  cases, 
performance  was  significantly  poorer  if  the  visual  field  was  degraded  to  60°  or  less,  especially  in 
situations  where  two  objects  were  presented  simultaneously.  However,  in  the  boatswain  MOSID 
(Casson  et  al.  1998b),  performance  was  significantly  degraded  even  with  a  120°  FOV,  and  the 
ability  to  detect  two  events  simultaneously  fell  to  20%.  The  simulated  boatswain  task  was  to 
detect  hazardous  events  while  maintaining  tension  on  a  rope  being  heaved  in  or  checked 
away  on  a  ship. 

The  usefulness  of  head  movements  to  compensate  for  a  limited  FOV  has  been  studied  by  Good  et 
al.  (2005)  and  Lovsund  et  al.  (1991).  Good  et  al.  had  binocular  participants  detect  which  of  eight 
lights,  equally  spaced  in  a  360°  arc  around  them,  had  flashed.  On  each  trial,  a  light  was  flashed 
for  either  .1  or  .8  seconds,  .5,  .75  or  1  second  after  the  onset  of  a  warning  tone.  Participants 
carried  out  the  task  monocularly  and  binocularly  and  could  make  eye,  head,  or  body  movements. 
Detection  performance  was  significantly  poorer  in  the  monocular  condition  despite  the  fact  that 
their  head  movements  were  not  restricted.  However,  the  results  could  be  attributed  to  lack  of 
experience.  Lovsund  et  al.  compared  the  detection  performance  of  people  with  and  without  visual 
defects  (including  monocular  vision)  in  a  driving  simulator.  Among  the  three  monocular 
participants,  one  performed  normally,  the  second  showed  prolonged  reaction  times  on  the  blind 
side  for  medium  and  small  stimuli,  and  the  third  showed  prolonged  reaction  times  for  all  sizes  of 
stimuli  on  the  blind  side,  although  head  movements  were  not  restricted.  Among  the  participants 
with  visual  field  defects  other  than  monocular  vision,  the  participant  that  compensated 
best  had  a  significantly  different  search  scanning  pattern  than  the  participant  with  the  poorest 
detection  performance. 

Standard  FOV  or  perimetry  tests  assess  the  participant’s  ability  to  detect  a  flash  of  light  at 
different  eccentricities.  More  recently,  researchers  and  clinicians  have  started  to  assess  the  useful 
field  of  view  (UFOV).  Ball  et  al.  (1988)  defined  the  UFOV  as  the  total  visual  field  area  in  which 
useful  information  can  be  acquired  without  head  and  eye  movements.  Studies  with  older  drivers 
(Ball  et  al.  1988;  Scialfa  et  al.  1987)  have  found  that  the  UFOV  is  a  better  predictor  of  visual 
performance  than  the  perimetry  tests  used  in  clinical  assessments  of  FOV  (Beard  et  al.  2002).  In  a 
follow-up  to  their  1992  study,  Wood  et  al.  (1993)  examined  the  correlation  between  driving 
performance  and  functional  field  tests.  A  significant  correlation  was  found  between  driving 
performance  and  functional  visual  fields  for  a  high  cognitive  load.  Participants  with  artificial 
monocular  vision  typically  performed  similar  to  participants  without  artificial  visual  impairment 
on  the  UFOV  test  at  all  eccentricities  (out  to  23°)  as  well  as  on  the  driving  performance  tests. 
However,  they  did  perform  significantly  poorer  on  the  Humphrey  field-analyser  which  assesses 
performance  out  to  75°  eccentricity. 

Relevance 

Peripheral  vision  has  been  identified  as  a  critical  function  for  a  wide  range  of  military  tasks. 
(Casson  et  al.  1998a;  b;  c;  d;  Kumagai  et  al.  2005).  For  infantry,  it  was  considered  to  be  critical 
during  driving,  patrolling,  surveillance,  and  firing  a  weapon.  For  boatswains,  critical  tasks 
requiring  peripheral  vision  included  manipulating  hawsers  and  the  anchor  chain  and  operating 
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and  loading  cranes  and  davits.  For  the  aircraft  mechanic,  it  was  required  for  detecting  problems 
on  the  flight  line,  while  for  mobile  support  equipment  operators,  it  was  considered  to  be  critical 
for  refuelling  aircraft,  operating  heavy  equipment,  and  teaching.  Pilots  identified  it  as  critical  in 
detecting  warning  lights  inside  the  cockpit,  birds  and  other  aircraft  outside  the  cockpit,  and  in 
ascertaining  where  the  aircraft  is  relative  to  the  horizon.  The  latter  aspect  is  particularly  critical 
for  shipboard  landings. 

While  peripheral  vision  is  clearly  important,  restriction  of  the  visual  field  associated  with 
monocular  vision  does  not  seem  to  have  a  demonstrable  effect  -  unlike  reducing  the  visual  field 
binocularly.  However,  as  with  the  research  on  other  visual  capabilities,  most  of  the  studies  have 
investigated  performance  of  people  during  daylight,  using  relatively  simple  tasks  and  or  familiar 
environments.  Under  conditions  of  high  cognitive  load  or  where  the  observer  must  monitor 
different  parts  of  the  visual  field  simultaneously,  small  decrements  in  the  visual  field  have  been 
shown  to  be  important.  The  requirement  to  function  in  unfamiliar  terrain  and  under  low  levels  of 
illumination  may  also  create  a  sufficiently  high  cognitive  load  to  degrade  the  performance  of 
people  with  monocular  vision  on  tasks  requiring  peripheral  vision. 


Discussion 

Spatial  vision 

Based  on  relevance  and  existing  standards,  the  most  important  visual  capability  potentially 
impacted  by  monocular  vision  is  spatial  vision.  The  CFP  154  requires  at  least  some  vision  in  both 
eyes.  The  preponderance  of  research  indicates  that  binocular  spatial  vision  is  superior  to 
monocular  spatial  vision  especially  under  low  illumination  and/or  low  contrast  conditions.  The 
benefit  is  often  attributed  to  binocular  concordance  or  the  flow  of  similar  optical  information  to 
the  two  eyes.  However,  there  are  several  caveats  to  this  conclusion.  Most  of  this  research 
compares  binocular  individuals  viewing  binocularly  or  with  one  eye  occluded  by  an  eye  patch. 
Recent  research  (Nicholas  et  al.  1996;  Steeves  et  al.  2008)  comparing  binocular  individuals  with 
monocular  individuals  enucleated  at  a  young  age  finds  that  the  performance  of  the  enucleated 
individuals  is  equivalent,  and  in  some  cases  even  superior,  to  binocular  controls.  However,  not  all 
monocular  applicants  to  the  CF  will  fall  into  this  group.  Unfortunately,  very  little  data  have  been 
collected  on  individuals  enucleated  later  in  life.  What  is  available  suggests  that  the  spatial 
capabilities  of  late  enucleates  is  poorer  than  binocular  controls.  A  second  issue  is  the  use  of  an 
eye  patch  when  evaluating  monocular  vision.  Some  researchers  (Steeves  et  al.  2004;  Steinbach 
and  Gonzalez  2006)  suggest  that  the  poor  performance  by  people  using  an  eye  patch  is  due  in  part 
to  binocular  rivalry  induced  by  the  eye  patch.  They  recommended  replacing  the  eye  patch  with  a 
featureless  field  of  equivalent  brightness. 

A  further  limitation  with  many  of  the  studies,  including  those  carried  out  on  early  enucleates,  is 
that  they  have  been  carried  out  under  normal  illumination  conditions.  The  limited  research 
available  on  performance  in  low  illumination  (Home  1977;  Johnson  2008;  Jones  and  Lee  1981) 
suggests  that  performance  was  poorest  when  participants  carried  out  tasks  monocularly  under  dim 
illumination.  However,  all  of  those  studies  employed  binocular  controls  using  an  eye  patch.  A 
review  of  the  generic  tasks,  (e.g.,  the  requirement  to  carry  out  a  high  crawl  and  a  low  crawl,  and 
to  evacuate  personnel  during  a  fire  on  board  a  ship  or  across  open  country  under  a  wide  range  of 
climatic  and  illumination  conditions)  indicates  that  data  are  required  on  the  performance  of 
enucleated  individuals  under  low  illumination  and  low  contrast  conditions.  However,  based  on  a 
study  by  Rabin  (1994),  visual  acuity  can  decrease  by  a  factor  of  three  when  luminance  is 
decreased  from  100  to  0.1  Cd/m2. 
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If  the  main  benefit  of  two  eyes  is  due  to  binocular  concordance,  what  happens  as  the  spatial 
vision  capabilities  of  the  two  eyes  become  less  similar?  The  literature  does  not  appear  to  answer 
this  question.  Most  visual  standards,  including  the  CF  entrance  standard,  allow  substantive 
differences  in  the  visual  acuity  of  the  two  eyes.  However,  when  the  impact  of  performance  on 
visual  acuity  is  assessed,  both  eyes  are  degraded  equally.  Thus,  it  is  not  known  if  there  are 
significant  differences  in  performance  among  individuals  with  6/9  corrected  in  both  eyes,  6/60 
corrected  in  their  weaker  eye  (and  by  definition,  legally  blind  in  that  eye  (Vargo  2010))  and 
monocular  individuals. 

Other  visual  capabilities 

Monocular  vision  can  also  affect  depth  perception,  motion  perception,  and  FOV.  While  the 
effects  are  measurable,  it  is  less  likely  that  the  reduction  in  these  capabilities  could  readily  be 
used  to  reject  people  with  monocular  vision.  The  utility  of  binocular  vision  in  depth  and  motion 
perception  is  limited  to  short  distances.  Thus,  while  it  may  be  critical  for  a  few  trades,  there  is 
little  evidence  that  a  lack  of  stereopsis  and/or  stereo  motion  perception  would  limit  performance 
on  the  majority  of  critical  tasks.  A  possibly  more  compelling  argument  is  the  fact  that  there  is  no 
standard  for  either  capability.  In  addition,  as  stated  earlier,  a  significant  portion  of  binocular 
individuals  with  good  visual  acuity  have  degraded  stereopsis  or  stereo  motion.  Testing  for  either 
could  have  unintended  consequences. 

The  findings  for  FOV  are  similar.  Very  few  studies  on  monocular  vision  have  found  it  to  have  a 
significant  effect  on  tasks  requiring  peripheral  vision.  Population  studies  draw  a  similar 
conclusion.  However,  as  with  other  visual  functions,  very  little  of  the  research  has  looked  at 
performance  under  low  luminance  levels  or  high  cognitive  load.  Based  on  the  existing  literature, 
it  would  be  difficult  to  reject  people  with  monocular  vision  on  the  basis  of  a  limited  FOV. 


Other  issues 

One  issue  that  the  literature  on  monocular  vision  does  not  seem  to  consider  is  redundancy.  In  the 
military,  redundancy  has  been  used  to  justify  the  requirement  for  personnel  to  have  a  higher  level 
of  visual  capability  than  may  be  justifiable  in  civilian  occupations  (G.  Gray,  personal 
communication,  November  2010).  Military  personnel  are  routinely  exposed  to  extremely 
hazardous  working  conditions  that  could  result  in  temporary  or  permanent  loss  of  vision  in  one 
eye  during  the  execution  of  a  mission.  In  such  a  situation,  binocular  individuals  would  still  have 
sufficient  visual  capability  to  extract  themselves  from  the  hazardous  situation.  If  the  loss  occurred 
in  the  good  eye,  individuals  with  monocular  vision  would  now  be  completely  blind.  However,  as 
discussed  above,  individuals  with  6/60  corrected  in  the  undamaged  eye  might  be  at  equivalent 
risk  especially  if  corrective  lenses  were  damaged  or  lost. 
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Conclusion  and  recommendations 


Based  on  the  literature  surveyed,  it  is  likely  that  the  performance  of  some  individuals  with 
monocular  vision  will  be  inferior  on  some  tasks  to  that  of  binocular  individuals  with  good  visual 
acuity  in  both  eyes,  especially  under  low  illumination  and  low  contrast  conditions.  However,  it  is 
not  possible  to  state  unequivocally  that  people  with  monocular  vision  would  perform  more  poorly 
than  people  that  just  meet  the  minimum  entrance  standards  for  visual  acuity.  The  research  to 
answer  that  question  does  not  appear  to  exist.  For  that  reason,  it  is  recommended  that  the  CF 
conduct  a  study  to  establish  the  BFOR  for  the  general  visual  acuity  standard  for  new  recruits. 

Since  generic  task  statements  exist  (Canadian  Forces  Health  Services  2009),  they  should  serve  as 
a  good  starting  point  for  developing  suitable  tasks  for  evaluating  performance  of  people  with 
different  visual  acuity  in  their  two  eyes.  In  addition,  the  generic  task  statements  indicate  that 
applicants  must  be  able  to  complete  the  tasks  under  a  wide  range  of  climatic  conditions  which 
would  include  low  luminance  and  low  contrast.  Once  suitable  tasks  have  been  selected,  the 
participants  would  be  required  to  carry  out  these  tasks  with  both  eyes  corrected  to  6/9  or  with  one 
eye  corrected  to  6/9  and  the  other  eye  corrected  to  6/18,  6/36,  6/60  or  6/oo  (monocular).  These 
levels  are  based  on  previous  work  conducted  by  Casson  et  al.  (1998a;  b;  c;  d).  Pilot  testing  may 
allow  the  number  of  levels  to  be  reduced.  For  the  monocular  condition,  dichoptic  viewing  (a 
luminance  matched  grey  field)  should  be  used  to  minimize  the  effects  of  binocular  rivalry.  If  at  all 
possible,  participants  with  monocular  vision  should  be  recruited  to  carry  out  these  tasks  as  well. 
The  tasks  should  be  carried  out  under  normal  and  low  illumination,  and  normal  and  low  contrast 
conditions.  The  papers  by  Home  (1977)  and  Johnson  (2008)  should  provide  useful  guidance  on 
this  aspect  of  the  study. 
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Bona  Fide  Occupational  Requirements 
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Candela  /  metre2:  SI  unit  for  luminance. 

CF 

Canadian  Forces 

CF  H  Svcs  Gp 

Canadian  Forces  Health  Services  Group 

CFP 

Canadian  Forces  Publication 

DRDC 

Defence  Research  and  Development  Canada 

DRDKIM 

Director  Research  and  Development  Knowledge  and  Information 
Management 

FOV 

Field  of  View 

MOC 

Military  Occupational  Category 

MOSID 

Military  Occupational  Structure  Identification 

TTC 

Time  to  Collision 

UFOV 

Useful  field  of  view 

US 

United  States 

UK 

United  Kingdom 
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